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nam DNA-produccd interferon »2 (IFN-aZ) aga n intranasal drops 

Unsusceptible volunteer, ££ y forfour day,) or one 
in either multiple treatments 1 1 .4 X 10* IU to Ry ty 39 

treatment daily (42.8 x 10* « "tayfo £ ^ ^ 

challenge. The efficacy rates ^^f^wi. 78 *. and 100%. respectively- The 
shedding, and RV type 39-spec,ric ^ ^ aQ d 75%. respectively, 

corresponding rates for one ^^^%J^ reductions b day, of v.rus 
Both dosage regimens were a*omted w.th , s.gm three lFN -a2 recip.ents 

shedding and nasal mucus P^'S^ leuESes/nMn*). The results suggest that 
developed transient jjSK ^ rhh ^ 

intranasal IFN«2 may prove to be a safe ana 
infection and illness. 
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Materials and Methods 



Study population. Fifty-five healthy adult vol- 
unteers were included in two separate studies 
(S in the first, 29 in the second), after serum 
neutralizing antibody measurements indicated 
susceptibility (reciprocal titer, <2) to the challenge 
vims Eight volunteers with a history of asthma 
and stable pulmonary function tests (whose forced 
vital capacity and forced expiratory volume in 1 
sec were >80% that of predicted values [S\> were 
included in the second study. Individuals who had 
an upper respiratory illness or fever within two 
weeks or who were currently talcing intranasal or 
oral medications (except theophyllines among 
asthmatics or oral contraceptives) were excluded 
from participation. 

Subjects were housed individually in separate 
rooms from the day before virus challenge until 
five days after challenge. 

Administration of IFN. IFN-a2 study drug 
SCH30500 1 , Schering Corp, Bloomfield, NJ) was 
provided as a lyophylized powder (specific activ- 
ity 10" lU/mg or protein) containing 2 mg ot 
human serum albumin/ml and phosphate buffers 
Lyophylized albumin, identical in appearance and 
protein content, served as placebo. Drug was re- 
constituted each day prior to administration with 
distilled water (final pH, 7.2-7.4) and was admm«- 
stcred by a member of the project staff with an 
Eppendorf* calibrated pipette (Brinkmann Instru- 
ments, Westbury. NJ). 

For drug administration, volunteers were in- 
structed to lie supine with their neck extended, so 
that the chin and external auditory meatus were 
aligned in a vertical plane 19]. The pipette tip was 
introduced M.S cm into the nasal vestibule, and 
drug solution was delivered by drops (0.25 ml per 
nostril) over a 5-sec period. Subjects were in- 
structed to maintain neck extension for 1 mm. to 
remain supine for 10 min. and to avoid nose 
blowing for 30 min after drug administration. 
Each treatment consisted of two intranasal appli- 
cations separated by an interval of 20-30 min 
(total volume. 1. 0 ml per treatment). 

In the first study, four treatments (U - 4 * l{r 
IU per treatment) were given each day (9:00 am, 
2K» pm. 7:00 pm. and 12:00 am [m.dnightl) 
beginning 20 hr before virus challenge and con- 
tinuing through the morning of the third postchal- 
lenge day. The daily and total IFN dosages were 
45 5 X 10* IU and 182 x 10* IU, respectively. In 



the second study, one treatment (42.8 x 10* IU per 
treatment) was given each morrung (at 9:00 amW 
beginning two days prior to viruTaiaJJenge-aird 
continuing through the second postchallenge day 
for a total dosage of 214 x 10* IU. 

Virus challenge. A safety-tested pool of RY 
type 39 which was a clinical isolate passaged twice 
in WI-38 human embryonic lung fibroblasts 
(HEM Research, RockviUe, Md). was used as the 
challenge virus [101. The virus was administered 
twice by intranasal drops (0.25 ml per nostril) in 
the same manner as the study drugs. In the first 
study, a total of 21 TCID* was given I hr after the 
fourth and fifth doses of medication. In the sec- 
ond study, a total of 88 TCID,, was given 1 and 
6 hr after the third dose of medication. 

Measures of infection. The rates of infection 
were determined by virus isolation and by mea- 
surements of homotypic serum neutralizing anti- 
body titers on paired specimens obtained one or 
two days prior to virus challenge and three weeks 
later Before and during the first through fifth 
days after challenge, nasal wash specimens were 
collected prior to drug administration for virus 
isolation by previously described methods 10. 
Ill All specimens were processed in both plain 
collection broth and broth containing sheep anti- 
body to IFN in a concentration sufficient to in- 
hibit -2,500 IU of !FN-a2/ml III]. At least one 
virus isolate from each volunteer was identified as 
type 39 by neutralization with standard antiserum 
(National Institutes of Health. Bethesda. Md) 

Serum neutralizing antibody titers against the 
challenge virus were measured by a standard tube 
neutralization method 112]. 

Measures of illness. The frequency ^veri- 
ty of dinical illness were determined by monitor- 
ing clinical symptoms and weighing expelled nasal 
secretions by previously described methods jlO . 
Symptom scores were performed by using a mod - 
fication [12] of the method of 
Oral temperatures were measured twice daily (8 00- 
9 00 am and 4:00-6:00 pm). In the second study 
forced vital capacity and forced expiratory volume 
(for I sec) were measured with a Stead-Wells spi- 
rometer (Warren E. Collins. Braintree. Mass) m 
aU subjects to determine the base-line value and 
within 2 hr of a preceding treatment before _ virus 
challenge and on days I. 3. and 4 after challenge. 

Subjects were monitored for the occurrence of 
respiratory illness during the second week (days 6- 
12) after virus challenge by self-recording of 
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^MZ^f Effects. The subjects were 
last day of drug ad— ion 
about symptoms (nasal burning or ™*f°n. 
Seezing cough, choking, and runny nose) that 
occ^wi^ 

administration. S™ 10 ™ 0 *™**^™ 
were not included in the daily symptom scores. 
Follow-up blood and urine specimens for toxiaty 
monitoring were obtained at three toy, jm *e ** 
study and at 24 hr in the second after the last aose 
of smdy medication. Serum samples were col- 
lected prior to and at three weeks following the 
study for measurement of serum neutralizing anti- 
body o IFN-a2. These assays were performed on 
examples in the laboratory of the Pediamc 
Infectious Disease Unit University of Utah 
School of Medicine. Salt Lake City. 

IFN assays. IFN concentrations in nasal 
wihes and sera were determined on coded 
TamPles by a previously described b.oassay 141- 
nT^-a "standard G-023-901-527 (Najion* ^^In- 
stitutes of Health) (reported titer, 20.00C I IU/mi) 
had a mean ± SD reciprocal titer of 16.724 ± 

8 Sf;l. The significance of differ- 
en^t Proportions were calculated by Fishers 
exact test; differences m symptom scores , oy 
Mann-Whitney U test; and differences m nasal 
mucus weight by Student's Me*. In, each m- 
"ance, P values are those for two-tailed tesung 
• and data are expressed as means ± SEM Efficacy 
ntM foercentages) were determined by the toi 
^^StaSon: (rate in placebo-treated pa- 
tents - rate in IFN-treated patients)/(rate in 
nlacebo-treated patients) X 100. 
P AJ l treatments, clinical evaluations, symptom 
analyses, and virologic studies were conducted 
under double-blind conditions. 

Results 

Study group. Three volunteers were excluded 

fro'm t'an/ysis of ^ r ^. e ^ ra ^^y*^^of > >4 
challenge serum neutralizing antibody titers ot 
(placebo subject in each study) or prechal- 



• ufion nf a wild-type rhinovirus (one IFN 
SSSw-Jh the first study, the 
ratios of male to female subjects (mean age) were 
(20 0 years) in the IFN group and 4.8 (21 .7 
Vin ,he olacebo group. In the second study, 
years) in the piaceou v vears) in 

the corresponding ratios were 10.4 (22.6 years) in 
£e IFN E?oup and 7:7 (20.9 years) in the placebo 
Irouo In the second study, four volunteers w,th 
S£ 'as?hma were randomized to IFN treatment 

The concentrations 
of IFN in nasal wash among IFN recipients are 
SLSta figure 1 for both studies. None of the 
oUceoo or IFN recipients had nasal wash concen- 
ts of >3 lU/ml prior to drug adrmmstration 
.one IFN recipient in the first study was not 
Sed In the first study, in which nasal washes 
ITe col ected at 8-9 hr after a previous dose the 
lometric mean IFN concentrations were 652. 
7^1 010 and 14 IU/mi in the IFN recipients on 
Tfirst through fourth days after virus challenge. 
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Table I. 



Infection rates an d virus shedding fo llowing experimental intranasal exposure to RV type 39. . 

— No. of days of virus 



Study 



Treatment 



Placebo 
IFN 

Placebo 
IFN 



No. of 
subjects 


No. shedding 
vims (^) 


No. with 
seroconversion (%) 


12 


9<7S)» 


4(33) 


12 


2 (17)* 


0 


14 


It (79)* 


7 (50) 


14 


4 (29)* 


5 (36) 



No. with 
infection (^) 



9 f75)* 
2(17)* 

M (79) 
6(43) 



shedding/total days 
of observation (*•) 

33/60 (55)t 
6/60 (I0)f 

45/70 (64)t 
11/70 (I6)t 



note, s^-— ™ - ■ '-i- - ^SSSfSlSr*. £T2£ 

0.8 and in 20 placebo recipients was 2.5 ± 0.4. 
• P < 0.02 (placebo vs IFN group), 
t p < Ifr* (placebo vs IFN group). 
t P < 0.03 (placebo vs IFN group). 



IOO r 



STUDY I 




STUDY 2 



12 3 4 5 
DAYS AFTER VIRUS CHALLENGE 

Figure 2. Rate of virus shedding in IFN- (A) and 
placebo-treated (•) volunteers after experimental rhino- 
virus type 39 challenge. The significance of differences 
between IFN and placebo recipients was determined by 
two-tailed Fisher's exact test on each postchallenge day. 



Only one subject had a detectable level on the fifth 
day. In the second study, in which nasal washes 
were collected at 22-24 hr after the preceding drug 
administration, geometric mean nasal wash IFN 
concentrations were 21. 40, 34. and 3 IU/ml on 
the corresponding days. Of 180 nasal wash speci- 
mens collected from placebo-treated, virus-ex- 
posed volunteers, nine samples contained detect- 
able IFN in concentrations ranging from 7 to 707 
1U (geometric mean, 27 IU). In the second study, 
sera obtained 24 hr after the last drug dose had no 
detectable IFN activity. 

Infection rates and virus shedding. The infec- 
tion rates determined by virus isolation and/or 
fourfold or greater rises in homotypic serum neu- 
tralizing antibodies are listed in table 1. The ef- 
ficacy of lFN-«2 in preventing infection deter- 
mined by either criterion was 78% (P < 0.02) in 
the first trial and 45% (P = 0.12) in the second. 
Approximately three-fourths of placebo recipients 
in either study shed virus. The efficacy of IFN-b2 
in preventing virus shedding was 78% (P < 0.02) 
in the first study and 64% (P < 0.03) in the 
second. 

The daily frequency of virus shedding was 
markedly reduced in the IFN groups in both 
studies (figure 2). As detailed in table 1, IFN-o2 
administration was associated with an 82% reduc- 
tion in the overall proportion of virus-positive 
days in the first study (P < 10-) and a 76% reduc- 
tion in the second (P < 10-). Furthermore, on 
both the fourth and fifth days after virus chal- 
lenge, when IFN concentrations in nasal washes 
were negligible or absent (figure 1). the proportion 
of IFN recipients who shed virus was significantly 
lower than that of placebo recipients in both 
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IFN-trcatcd volun teers 



Stufiy Treatment 
1 



No. with colds/ 
total no- exposed {*?*) 



No. with colds and infection/ 
total no- exposed (°ft) 



Nasal mucus weights 
(g/5 days)' 



Symptom score 
(5 days)* 



Placebo 
IFN 

Placebo 
IFN 



6/12 (50) 
2/12 (17) 

8/14 (57)* 
2/14 (14)* 



26.2 ± 6.3t 
8.6 ± 2-1* 

60.1 ± 17.9* 
13.6 ± 4.0* 



11 ± 4 
6 ± I 

15 ± 4* 
3 t 1* 



4/12 (33) 
0/12 

8/H (573* 

[ £T~ 2/14 (14)* _ — — — ^ m ^uaiizmB antibody to challenge 

; ncd by virus isolation and/or development of fourfold nse sem 

NOTE- Infection was determined oy virus 

v * rUS ecu 

• Data are means ± SEM. 

t p < 0.02 (placebo vs IFN group). 

t p < 0.05 (placebo vs IFN group). 



studies (figure 2). Overall, 36 (69*) of 52 speci- 
frnm nlacebo recipients were virus-positive 
mens from piaceoo n7W> of 52 

on these two days, compared to woe (H*) 

specimens from IFN ™^ P ^£J' In th e 
////i<?s$ ra/es ffitf nasa/ mucus wefgnx*. 

£ Tnot h^ve laboratory evidence of infect^ In 
£ Second study, eight of 14 placebo and t « o 

£££^f.cdon. Two of «h« ~ 
subjects who received placebo and two of four 
who received IFN-a2 had laboratory-documented 
TnfX Only one of the placebo recants de- 
veloped a cold. Overall. 46% of placebo and 8% 
of IFN recipients had colds in assocaUon wuh 
r t L fP <0 0l) The calculated efficacy of 
wTf^L colds documented io_b« 
£ondU to P RV infection was 1^ » , ih. first 
study and 75% in the second (P < 0-05). 

in £oth studies. IFN-treated volunteers ; had 
sunificantly lower cumulative weights of expelled 
iSdmSci as compared to volunteers who re- 
ceded placebo (table 2). The mean duly 
of excelled nasal mucus are shown in figure 3. The 
UeSment groups were similar on the day of vuus 
c^ 

increase and subsequent peak .n nasal mucus 
production on the second and th.rd days after 
Wrus Challenge. This pattern was not observed m 

volunteers mth documented infection. In he 
combed studies, two (25%) of e.ght infected 



IFN recipients developed colds, compared to 12 
60%) of 20 infected placebo «c^- 
0 21 The total symptom scores (mean ± SKNOm 

infected volunteers tended to be lower m IFN- 
treated (5 ± 2) as compared to placebo-trea ed 16 
T ) volunteers (0.05 < P < 0.1). S.muarly. the 
Emulative weight of nasal mucus (mean ± SEM) 



12 r 



STUDY I 

O-NS NS, <OA «0.05 <0.02 «M* 




O I 2 3 4 5 
DAYS AFTER V»RUS CHALLENGE 

Figure 3 Comparison of daily ««etton ^j"*?. 

unteers after ^'^f^^t^^ 
The significance f^^SSd Student's M«t 
recipients was determined by iwc-imk« 
on each postchallengc day. 
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in infected volunteers tended to be lower in I FN 
recipients (12.2 ± 3.3 g per five days) than i in 
placebo recipients (52.7 ± 12.9)<P-0S < P< 0.1) 
and did not differ significantly from that of the 18 
uninfected IFN recipients (10.9 ± 3.1) or eight 
(including two excluded from efficacy analysis) 
uninfected placebo recipients (14.2 ± 6.2). 

Follow-up period. During the second week 
after virus challenge, all reporting subjects who 
had colds during the five-day postchallenge period 
continued to have upper respiratory tract symp- 
toms. The mean duration into the second week 
was five days (range, two to seven days) in 14 
placebo recipients and five days (range, three to 
seven days) in two IFN recipients. 

Eight of 27 subjects who did not have colds 
during the five-day postchallenge period developed 
a URI with coryza during the second week after 
virus challenge. Six of 1 1 subjects (two of five IFN 
recipients and four of six placebo recipients) who 
had laboratory evidence of RV 39 infection re- 
ported a URI during the second week after chal- 
lenge, as compared to two of 16 without infection 
(two of 12 IFN recipients; none of Tour placebo 
recipients) (P < 0.05). 

Evaluation of side effects. As noted above, 
the mean cumulative weights of nasal secretions 
were similar in uninfected IFN and placebo re- 
cipients. The total symptom scores (mean ± 
SEM) in 18 uninfected IFN recipients were similar 
to those (3 ± 2) of eight uninfected placebo re- 
cipients. No fevers (oral temperature of ^38.0 C) 
were noted in IFN recipients, nor did any recipient 
report systemic complaints, such as malaise or 
myalgia. 

The frequency of symptoms immediately loi- 
lowing intranasal delivery of the drug solutions 
was similar in the two treatment groups. Fifteen 
(54%) of 28 placebo recipients and 18 (67%) of 27 
IFN recipients reported no symptoms. The most 
frequently noted symptoms were nasal irritation 
or burning (eight of 28 placebo recipients vs five 
of 27 IFN recipients) and sneezing (four of 28 
placebo recipients vs five of 27 IFN recipients). 
Most symptoms were transient (<1 min) and mild, 
although two placebo recipients noted moderate 
burning with intranasal, applications and one 
placebo and IFN recipient each reported moderate 
sneezing up to several minutes after one-half or 
more doses. 

In the second study, the mean ± SEM change 



(mean percentage change) in leukocyte counts 
from the prclreatmcnt values was -.0.5 ± 0.3 x 
10 ! leukocytes/mm J (-9%) in IFN recipients and 
+ 13 ± 0 4 x 10 s leukocytes/mm J ( + 23%) in 
placebo recipients (P.< 0.01). Three IFN recipients 
with normal leukocyte counts initially had leuko- 
cyte counts of 3.7, 3.4, and 3.8 x lOVmm* on 
testing 24 hr after the last IFN dose. All had leu- 
kocyte counts of >4.0 x 10 3 leukocytes/mm J 
when retested two to three weeks later. 

No other significant abnormalities or clinically 
important changes were noted in the results of 
hematologic, liver, or renal function tests or in 
those of routine spirometry. Levels of serum neu- 
tralizing antibody to !FN-a2 were below the limits 
of detectability (titer. <i:i0) in all pretreatment 
and convalescent-phase samples. 

Discussion 

In the present study, intranasal application of 
lFN-e2, produced by recombinant DNA tech- 
niques, was effective in preventing both infection 
and illness following an experimental rhinovirus 
challenge. IFN administration was associated with 
a distinct antiviral effect as reflected in virus 
shedding patterns, whether administered prophy- 
lactically in multiple or once-daily treatments. 
While studies in nonhuman primates have found 
antiviral activity in experimental infection with 
vaccinia or encephalomyocardilis virus [5, 6], the 
present study conclusively demonstrates that bac- 
terially produced IFN-a2 has significant antiviral 
activity in a susceptible human population. 

Even in the IFN-treated volunteers who became 
infected despite treatment, objective and subjec- 
iivc;measures of illness were comparable to those 
of uninfected placebo recipients and were substan- 
tially lower than those of infected placebo re- 
cipients. The proportion of virus-positive days 
was significantly higher in infected placebo re- 
cipients (78%) than in infected IFN rec.p.ents 
(40%). which indicated ah antiviral effee ^ al- 
though not complete protection in these IFN- 
treated volunteers. 

One particularly appealing feature of IFN anti- 
viral activity is prolonged duration of effect after 
interaction of IFN with host cells. Earlier «n vitro 
studies with HuIFN-« or HuIFN-0 (fibroblast- 
dcrived HuIFN) demonstrated that a concentra- 
tion-dependent antiviral effect was achieved 
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. > , „r ifn exoosure of human fibro- 
^thin minutes of IFN exPOSU in 

bl asts or nasal cp.theha cells 1 I ^ 
^JtTL^S^ removal of 

^^^u^^Si. virus and 
HulFN Ti«b£ vims infections in both animal 
hCr £L T S an™humans [20. 21] h^"™- 

XJS JS - time ^-^^-SS 
24 hr prior to virus ; «pos«re is w 

tested the teasiouny v o - of r hmo- 

ro^rintLns virus sheddin* and pre- 

n-> -""'or r 

viral state within cells oi : tne p ds on 

^^^^^^ ^ 
SP a ^e stud* ?n which an antiviral effect was not 
earlier studies, in conccn trations ranged 

cenlrations of «s,dual IFN (figure I) > 

rr -Haoim, >n -abearance £ 

IFN among individuals may have been related .o 

«£Z££fiT£Z* .FN in r*sal wash 



thal 1FN .,elated i»"ibi«on or ^ CPE co^d 

avoided by *?»^£££S5£u* of 
lhe collection bro ij and by epe Bo(h 

of these technique Fu(thwmor e, Slgnifi- 

f isr«rrrsheddin 8 «- p-^m 

ScTS and placebo recipients on; ays when 

IFN concentrations were low ui 

Wa , S „ W , n h? present study, intranasal!, applied IFN- 
2 " „ well tolerated durins short-term adrmnts- 

Ported 14], we ma n compared to the 

gaaSRsesKaa? 

ol c side effects needs further study. 

The results of the present study suggest that use 

of IFN a2 may meet the expectations of being _a 

f ^nd effective means of preventing the 

S3fC ce!\d I Given prophylactically in the 
common cold C^ven PJP J rcduced the 

! h i itv hat IFN administration may have 

R V type 13-infec.ed vo unteers ™* 
recombinant leukocyte A FN 0 0 xJO^ ^ , 
day). It remains to be determine u ^ 

lc / m intranasal administra t.on of^FFN a2 * > 
safe and well tolerated or if JFN-a2 w.U 
in th e treatment of establ.shed coldu 

A practical application for the J" 1 f a 
would be its prophylactic u* by 
family in which a member had tznt 
cold, since incrafam.lial spread « a ^ ^ targct 
rou te of RV transm.ss.or, 0B1 • AUern 

groups who are at ■ ncreMed / , ^ f ^ tio n include 
implications of — s mfec-ri ^ 

asthmatics 123. 24] ana mo pre limi- 
disease [251- The present study provides P 
nar y evidence to indicate that "tranasalj r 

i • hp ,. a f e i v used in asthmatic patients. ri« 
Sis of inuan'aSl IRM in — «*— 
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and other respiratory viral infections arc war- 
ranted . 
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